THE OXFORD =
@IZ INSTITUTE
zllﬁ FOR ENERGY '

STUDIES UNIVERSITY OF

OXFORD

A RECOGNIZED INDEPENDENT CENTRE OF THE UNIVERSITY OF OXFORD

November 2015

US Shale Oil Dynamics
In a Low Price Environment

NN

OIES PAPER: WPM 62

Trisha Curtis*




The cbobeatefi this papsolaereespenaubhbity. They d«
necessarily represent the views of the Oxford | n:
its members.

Copyright E 2015
Oxford Institute for Energy Studies
(Regedt €Ehar28§g0P84Ho.

This publication may be reproguwomddti mpupaprotsefsomwiadhwadt

permission from the copyright holder, provided acknow
publication mayl deomafder foamy retslaer commerci al purpose
permission in writing from the Oxford Institute for E

| S BI¥8-1-78467-043-6

*Director of Research, Upstream and Midstream, Energy Policy Research Foundation, Inc. (EPRINC),
and Visiting Research Fellow, Oxford Institute for Energy Studies

US Shale Oil Dynamics in a Low Price Environment i



Contents

EXECULIVE SUMIMAIY .oiiiiiiiiiiieiie e e e e e sttt e e e e e e s et e e e e e e e s atate e e e eeeessassbataeeeaeessssnteseeeeeeesaansstenneaeeessannnes iv
I oY A o Yo 1 Toa (o o SO PPPPRPRPR 1
2. Drilling Activity Changes and the Impact on Production ..........ccccvviveiee e 2
2.1 Tight Oil Play OFiENtatioN ........ueeiieeeiiiiiiiiieeeeeesssiieer e e e e e s s ssbaeeeeee e e s s sasraaereeeessassnreereeaeesssansnnenes 2
2.2 Drilling Activity and PriCe€ ChaNQgES........uuuiiiiiiiiiiiiiiieeee s e sitrree e e e e s s saaee e e ae e s s ennnteereeaeesssnnnnneees 3
2.3 The Rig Count and West Texas INtermMediate ..........cceeeeiiiiiiiiiiie i e e 4

2.4 Contributions to Resilient US Oil Production: Drilling Efficiency Gains and Cost Reductions ..5

2.5 Financial Capacity of US Independent Oil Companies Proves Resilient .................coeeeeeeeeennn. 6

2.6 The Rig Count Decline and Oil Production.............ccooiiiiii i 6

3. Breaking Down the Three Major US Tight Oil Plays: The Williston Basin (the Bakken) ........... 9
N A o (oo [N ox 1T ] g @Y= = PP PUP PP PPPRPN 9

3.2 Bakken Production and TOP PrOQUCEIS ..........ccoiiiiiieiiiiee ettt 11

3.3 BAKKEN IN-DEPLN ...ttt 13

3.4 Recent Activity and Well PerfOrmManCe ...........oooiiiiiiiiiiiieeiee et 14

3.5 PermitS @nd RiG COUNT.....ccoiuiiiiiiiiie ettt ettt e et e e b e e s snbn e e e e eneee 16

3.6 CONCIUAING SUMMIATY ....eiiiiiiiiiiee ettt ettt et e et e e e st bt e e e s bt e e e anbe e e e e anbeeeeeannee 18

4. The Permi@n BaSIN........cuueiiiiiiiiiiiiiiee sttt e e s e e e s e e e s e e e s 18
4.1 ProdUCTION OVEIVIEW ... .viiiie ittt ettt ettt sttt e e e bt e e e st e e e e sabb e e e e sbb e e e e anbeeeeesnbbeeeesbneeeeans 19
New Mexico and Texas Horizontal and Vertical Production Breakdown ...............ccccveenee. 21

4.2 Permian Basin Production and TOP PrOQUCENS ...........uueuuruieiiiriririeisisininininrnrsinrnrnrnrnnnn.. 24

ZC B = g g1V 1 T 1T o 1 o S 26

4.4 Recent Activity and Well PerfOrManCe ............uuuuuieiiiiiiiiiiiiiiiiieieieisisiereenrsierereisrsrnrnn... 27

4.5 PermitS and RiQ COUNL..........uuuuiuieieieieieieieieieeeerereree e e aerererersrarseersrsrsrsrsssrnrsrnrnsnnnrnnes 30

Z o G o] oo [ To [TaTo IR TN T 1 0] 4= YA S 32

5. The Eagle FOrd RESEIVOIN. ..o 32
5.1 ProduCtiON OVEIVIEW. .. ...cciiiiiiiieiitiie et ettt ettt ettt e et e e aa e e e e e rab e e e e s anbaeeeeaneee 32

5.2 Eagle Ford Production and TOP PrOQUCETS ......c.ouiiiiiiiiieeiiiee ettt 35

5.3 EagIe FOId IN-DEPLN.......oiiiiiiiieiee et 37

5.4 Recent Activity and Well PerfOrmancCe ...........oooiiiiiiiiiiiieeiee e 38

5.5 PermitS @nd Rig COUNT......c.iuuiiiiiiiiiee ettt sttt et e et e e e et e e e e snbe e e e s anbeeeeenneee 40

5.6 CONCIUAING SUMMIAIY ...eeiiiiiiiiiiee ittt ettt et et e e e ssb e e e s aabe e e e e snbeee e s anbeeeesaneee 41

6. Risked Production - Capital Expenditure Cuts and Financial Performance............ccccccccvvvee.... 41
7. LeSSONS @Nd PrediCtiONS. . .u ittt ettt 44

US Shale Oil Dynamics in a Low Price Environment i



s

Tables

Table 1: US Production and Oil Rig COUNT..........eiiiiiiiiiiiiiee e e et e e e e st e e e e e s s st e e e e e e e e sentaanaeeaaeesaaans
Table 2: North Dakota Oil Production and Rig Count............

Table 3: Permian Basin Liquid Production and Rig Count
Table 4: Eagle Ford Production and Oil Rig COUNE ...........ciiiiiiiiiiiiiiee e e e e e e e saarreea e e e s e
Table 5: Capex Cuts 0f US Shale PrOQUCETS .........c.uiiiiiiiieeiie ettt

Figures

Figure 1: Major Tight Oil Plays in the US ..........cccccciiiieiinieee e
Figure 2: US Oil Production: Major Plays and Gulf of Mexico
Figure 3: Regional Pricing DIiSCOUNES ($/DAITEI)......cocuiiiiiiiiiii s 4
Figure 4: US Oil and Gas Rig CouNt and WTI PrICES ......coiuiiiiiiiieeiiiee ettt 5
Figure 5: US Oil Production and Forecast (thousand b/d).............oooiiiiiiiiii e 9
Figure 6: Williston Basin Production (b/d) and Number of WellS ...........cooiiiiiiiiiii e
Figure 7: Production Allocation by Top 10 Producers (/d) ..........oooiiiiiiiiiieeiie et
Figure 8: Rig Allocation by TOP ProduCers (/) .......cocuueieiiiiie ettt e ste e e aee e e s sneeeeeans
Figure 9: Wells Brought Back into Production Beginning January 2015, BaKKEN ..........ccccceoviiiiiniiieeiiiiee e
Figure 10: Williston Basin Production Type/ Decline Curves (B/d) ..........ocueeeiiiiiiiiiiiee e
Figure 11: Williston Basin Production Initial Production Rates (B/d) ...........cooiiiiiiiiiiiiiiee e
Figure 12: WilliSton Basin RiG COUNL........cciiiiiiiiiiieeiiiei ettt ettt e b e e e abb et e e s e e e s nbreeesannneeeaas
Figure 13: North Dakota: Spuds, PermitS, @nd RIGS,........uiuueeeiiiieiiiieeeiiieeeesiiee e sieeeesteeeeesteeeessseeeesnseeeessneeeeeans
Figure 14: Permian Basin Production by State, b/d
Figure 15: New Mexico: Horizontal-Permian Basin Production and Number of Wells
Figure 16: New Mexico: Vertical, Permian Basin Production and Number of Wells ...........cccccoiiiiiiiie,
Figure 17: Texas-Vertcial-Permian Basin Production (0/d) ..........cccocoeeeiiiiiiniieeiineen,

Figure 18: Texas: Horizontal-Permian Basin Production and Number of Wells

Figure 19: Production Allocation by TOP 10 PrOQUCETS .........ueiiiiiiiiiiiiiiei ettt
Figure 20: Rig AllOCAtiON DY TOP PrOUCUETS ......cc.uviiiiiiiie ettt e ettt e e e e s e
Figure 21: Wells brought online from January 2015 onwards in Permian Basin ............ccccvveiiieiiniiiiiiienee e
Figure 22: Permian Basin Initial Production Rates (D/d).........ccoouiiiiiiiiiiiiiee e
Figure 23: New Mexico: Horizontal Permian Basic Production Type/Decling CUIVe ..........ccovcvieiiiiieeiiieee e
Figure 24: Texas: Horizontal Permian Basin Production Type/Decling CUIVES...........coouiuiiiiiieeiiiiiiiiiieeee e
Figure 25: Texas and New Mexico: Vertical Permian Basin Production Type/Decline CUrves .............ccccevvcvveeene 30
Figure 26: Permian Basin Rig Count DY DIl TYPE ......cuiiiiiiiiiiieeee ettt e e
Figure 27: Texas Only Permian Permits (New Drill and RE-ENtry)........ccooviiiiiiiiiiiiiiiciieee e
Figure 28: Eagle FOrd LiqUid ProOUCTION .........cooiiiiieiiiiie sttt e sttt s e e e e e antnee e
Figure 29: Eagle Ford Price Discounts to WTI and LLS ($/DAITEl) .......coovviiiiiiiiiiiieiieiec e
Figure 30: Production Allocation by Top Ten Producers (B/d).........occeviiiiieiiiiic e
Figure 31: Rig Allocation DY TOP PrOQUCEIS ...ttt e e et e e e e e e aneaeeas

Figure 32: Well Brought onto Production Since January 2015 in Eagle Ford
Figure 33: Eagle Ford Initial Production Rates (b/d) ..........cccccoviiiiiiiiiiiiecc e,
Figure 34: Eagle Ford Production Type/Decline Curves
Figure 35: Eagle Ford Rig CouNt DY PrOGUCT .........oiiiiiiiiiiiiie ettt e st
Figure 36: Eagle Ford New Drill and Re-Entry Permits
Figure 37: US Onshore Oil Producer sd Debt..Seur.vi.ced43as a Sha

US Shale Oil Dynamics in a Low Price Environment ii



Executive Summary
1

US Shale Oil Dynamics in a Low Price Environment

US unconventional oil has proved to be more resilient than originally anticipated, and shale
producers have been able to maintain production at relatively high levels through several
months of low oil prices. Production has only recently begun to decline. Companies are in fact
doing more with less: cutting costs and getting higher initial production per well. Drilling and
completion costs have come down considerably as the service sector discounts services to
try and retain market share. Efficiency gains have proved stronger than anticipated and are a
result of a number of factors, including better equipment, reduced drilling times, better use of
horsepower, and an overall acute awareness of the need to cut costs.

However, after 2015's second-quarter conference calls, oil prices dropped to lows of $37
dollars a barrel. They have since recovered to the mid-$40 range (at the time of writing), but
this movement paints a bleak picture for future production. A further reduction in capital
expenditures, shrinking oil rig counts, reduced risk appetite among lenders, and the potential
for rising interest rates are all weighing on future production levels in the US. Despite
efficiency gains, the number of rigs drilling for oil continue to decline as oil prices falter. This
depressed rig count is just now beginning to impact production levels and will further impact
production in the coming months.

Current production data reflects relative stability in the Bakken, but production declines are on
the horizon and may perhaps be imminent. The rig count has been reduced by nearly two-
thirds since January and permit levels are considerably lower than 2014. The number of wells
waiting on completion continues to rise month over month. Well performance has continued to
impress, but this is a direct result of enhanced completions in core acreage positions. Bakken
production is largely controlled by the top 10 producers; this lack of producer diversification
will have an impact on future drilling activity levels and future production as many of these
companies delegate capital to other assets which require drilling to hold acreage positions.
The Permian Basin is currently the most resilient oil play in the face of lower oil prices, but this
is only relative to its peers i the Bakken and Eagle Ford. Activity levels remain high in
comparison, but Texas and New Mexico production is beginning to show the first signs of
decline. Many companies in the Permian Basin are still in the early innings of developing their
assets, and they have maintained drilling activity levels despite the decline in oil prices
because they need to drill in order to hold acreage by production, in addition to adding
reserves to the books. However, recent rig additions over the summer have been withdrawn
reflecting multiple months of prices below $50 per barrel.

Of the three major unconventional oil plays, the Eagle Ford has shown the most tangible
signs of weakness i production has dropped over 150,000 b/d from March 2015. The top 10
Eagle Ford producers contribute the bulk of Eagle Ford liquids production and many of these
operators have concentrated assets in the volatile oil and condensate windows. Production
has declined month over month and producer optimism is waning. High crude and
condensate discounts already pressured Eagle Ford revenues prior to the price decline and
are now further exacerbating the strain on revenues.

Financial worries are beginning to rise as it becomes more difficult for operators to generate
cash flow. Shale development has not been led by cash-rich international oil companies but
rather smaller, independent US companies, many of which have struggled to generate
positive cash flow even in a $100 oil price environment; their profitability, debt burdens, and
overall financial stability are issues of concern. Because much of the oil boom has been
initially funded by debt, operators are now faced with further cash flow constraints as they
work to pay off old debt (and accumulate new debt, typically at a higher interest rate). Larger
amounts of operating cash flow are being spent repaying or servicing debt instead of
investing in operating activities such as drilling or purchasing acreage. Since the collapse in
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oil prices, a handful of companies have filed for bankruptcy. In all likelihood more
bankruptcies will occur, but it should be noted that no large independent producers have thus
far gone bust. Most bankruptcies have been limited to companies with 20,000 b/d of oil
production or less and a portfolio of assets across crude, condensate, natural gas liquids
(NGLs), and dry gas, not overly weighted in oil.

US Shale Oil Dynamics in a Low Price Environment



1. Introduction

The surge in crude oil production in the US, rising from 5 million barrels a day (mbd) in 2008 to over
9.5 mbhd by mid-2015, has been a remarkable achievement of technological innovation and risk-taking
in a period of strong and stable oil prices. This liquids growth arrived on the heels of a large-scale
development of natural gas supplies from unconventional formations, also known as tight or shale
formations. These unconventional petroleum developments are altering flows in world crude oil trade,
shifting long-term price expectations, and challenging the long-held conventional wisdom on US
energy policy that was promulgated in an era of scarcity. After being written off as a petroleum
province undergoing permanent decline, the US now sits alongside Russia and Saudi Arabia as a
leading oil and gas supplier (13.5 mbd crude oil and liquid fuels production?).

Although a large array of forces are at play in driving down world oil prices, one major contributor to
the recent fall has been the rapid acceleration of American petroleum production. Lower oil prices in
2015 are bringing large benefits to world consuming centers, but they are also bringing dramatic cuts
in capital expenditures for oil and gas development, particularly in the unconventional plays in the
United States. The recent decline in oil prices has been met with anticipation of significantly lower
levels of US oil production.

One of the biggest unanswered questions facing the market is whether or not relatively high-cost US
shale oil production can survive in a relatively low oil price environment (sub $60 per barrel). This is
the first economic test of the shale oil renaissance. While shale production has thus far proved
resilient (due to a combination of factors, such as enhancing efficiency gains, lowering the cost of
services, and retreating to the more productive areas), signs of weakness are beginning to show. This
paper seeks to answer a number of questions, including:

1 Can the efficiency gains made over the past several months sustain current production
levels?

1 Which of the main shale plays are likely to be impacted the most?

1 Will debt levels and bankruptcies put US companies and production at risk?

I Can US shale players assume the role of the swing producer?

This paper will first address the changes in drilling activity and their impact on crude oil
production. It will then provide a thorough examination of production and activity levels in the
three major US oil plays: the Bakken (Williston Basin), Permian (Permian Basin), and Eagle Ford
(Eagle Ford reservoir). The paper will then address the impact of the capital expenditure cuts on
production and the US shale sector, and the final section draws some of the main lessons from
the current price fall.

1 US crude oil and liquid fuels production, EIA (Energy Information Administration),
http://www.eia.gov/forecasts/steo/report/us_oil.cfm. The US currently produces 9.4 mbd of crude oil and lease condensate.
Russian production is currently 10.75 mbd and Saudi Arabia production is currently 10.5 mbd (WSJ). The US is the largest
producer of natural gas in the world, currently 89,460 million cubic feet per day gross withdrawals (EIA).

US Shale Oil Dynamics in a Low Price Environment 1
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2. Drilling Activity Changes and the Impact on Production

2.1 Tight Oil Play Orientation

This report focuses on the three areas that have contributed the most to oil production growth in the
US: the Bakken formation in the Williston Basin, including North Dakota, eastern Montana, and
northern South Dakota (also the Canadian provinces of Saskatchewan and Manitoba); the Permian
Basin in southern New Mexico and western Texas; and the Eagle Ford reservoir in south Texas (and
partially extending into Mexico). These areas are referred to as oil plays. They have been the focus of
unconventional drilling activity since 2008 and are typically referenced as shale or tight oil plays.
Other plays and areas of drilling activity, such as the DJ or Denver Julesburg Basin and the Anadarko

Basin, are noted in Figure 1 below.

Figure 1: Major Tight Oil Plays in the US
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Source: Drilling Info, Permits filed in past 90 days (September 2015)

The bulk of US oil production growth has taken place in North Dakota, Texas, and New Mexico. The
states shown in Figure 2 below are all part of the unconventional oil boom and have contributed the
most growth to US production since 2008. The latest decline in oil prices was preceded by several
years of robust drilling activity and consistent oil production growth. High natural gas prices in the
2000s helped spur independent US producers to drill for shale gas in unconventional gas reservoirs
thousands of feet below ground, and these technologies were quickly adapted to oil reservoirs. Since
2008, horizontal drilling and hydraulic fracturing has advanced through better drilling rigs, stronger drill
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bits, better precision technology, and more efficient use of horsepower. This has led to rising oil
production year over year and a dramatic reduction in US crude oil imports, particularly light sweet
crude from West Africa. The recent uptick in US crude oil production is attributed to a 150,000 b/d
increase from June to July in the Gulf of Mexico (Federal Offshore production), largely offsetting
recent drops from Texas and other producing states.

Figure 2: US Oil Production: Major Plays and Gulf of Mexico

Source: EIA

2.2 Drilling Activity and Price Changes

QOil prices dropped in 2008, resulting in a brief pause for the unconventional oil industry. The recovery
of oil prices in 2009, from a low in the $30 range, resulted in a five-year streak of strong and stable olil
prices of approximately $100 per barrel.? In July of 2014, West Texas Intermediate (WTI) crude prices
were over $100 a barrel and drilling rigs were humming. The rig count rose into August 2014 even as
prices first began to falter. It was not until December 2014 that the rig count began declining in
response to the drop in oil prices. By January 2015, WTI had lost $60 a barrel ($106 in July to $46 in
January 2015). Since then the oil rig count has continued to drop. The dry gas rig count has
plummeted as well, not supported by less than $3/mcf (thousand cubic feet) and lower values for
associated liquids. Dry gas has been a further casualty of the oil price decline as oil companies with
gas assets pared back their entire portfolios.

2 The recent decline in oil prices has left many drawing comparisons to the price collapse of 2008/09. While there are a few
similarities, the current collapse is far different from 2008, when the US unconventional oil sector was in still in its infancy and
US oil production had been declining for many years. Today, the industry may still be in the early innings of fundamentally
understanding unconventional oil production and what contributes to it, geologically speaking, but the level of development and
amount of production is far greater that it was in 2008.
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